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(54) Title: AN APPARATUS FOR HOLDING A SEMICONDUCTOR WAFER 
(57) Abstract 



An apparatus for holding a plurality 
of semi-conductor wafers during heat treat- 
ment of the wafers in a furnace comprises a 
plurality of rails extending essentially verti- 
cally between a top and bottom plate. Each 
rail contains a plurality of teeth arranged 
such that the space between adjacent teeth 
can receive a portion of a single semiconduc- 
tor wafer. Each tooth contains a raised sup- 
port structure, typically a ledge, located on 
the top surface of each tooth for supporting 
the wafer, usually from the edge of the wafer 
inward to a point located from the center of 
the wafer a distance equal to between about 
25 % and about 75 % of the wafer's radius. 
Such an apparatus with its relatively long 
teeth is especially designed to uniformly 
support larger wafers, i.e., wafers having 
a nominal diameter greater than about 200 
millimeters, such that their own weight does 
not cause the wafers to sag and thereby pro- 
duce crystal dislocations or slip when the 
wafers are heated to high temperatures. 




FOR THE PURPOSES OF INFORMATION ONLY 



Codes used to identify States party to the PCT on the front pages of pamphlets publishing international applications under the PCT. 



AL 


Albania 


ES 


Spain 


LS 


Lesotho 


SI 


Slovenia 


AM 


Armenia 


FI 


Finland 


LT 


Lithuania 


SK 


Slovakia 


AT 


Austria 


FR 


France 


LU 


Luxembourg 


SN 


Senegal 


AU 


Australia 


GA 


Gabon 


LV 


Latvia 


sz 


Swaziland 


AZ 


Azerbaijan 


GB 


United Kingdom 


MC 


Monaco 


TD 


Chad 


BA 


Bosnia and Herzegovina 


GE 


Georgia 


MD 


Republic of Moldova 


TG 


Togo 


BB 


Barbados 


GH 


Ghana 


MG 


Madagascar 


TJ 


Tajikistan 


BE 


Belgium 


GN 


Guinea 


MK 


The former Yugoslav 


TM 


Turkmenistan 


BF 


Burkina Faso 


GR 


Greece 




Republic of Macedonia 


TR 


Turkey 


BG 


Bulgaria 


HU 


Hungary 


ML 


Mali 


TT 


Trinidad and Tobago 


BJ 


Benin 


IE 


Ireland 


MN 


Mongolia 


UA 


Ukraine 


BR 


Brazil 


IL 


Israel 


MR 


Mauritania 


UG 


Uganda 


BV 


Belarus 


IS 


Iceland 


MW 


Malawi 


US 


Untied States of America 


CA 


Canada 


IT 


Italy 


MX 


Mexico 


uz 


Uzbekistan 


CF 


Central African Republic 


JP 


Japan 


NE 


Niger 


VN 


Viet Nam 


CG 


Congo 


KE 


Kenya 


NL 


Netherlands 


YU 


Yugoslavia 


CH 


Switzerland 


KG 


Kyrgyzstan 


NO 


Norway 


zw 


Zimbabwe 


CI 


Cfite d' [voire 


KP 


Democratic People's 


NZ 


New Zealand 






CM 


Cameroon 




Republic of Korea 


PL 


Poland 






CN 


China 


KK 


Republic of Korea 


FT 


Portugal 






CU 


Cuba 


KZ 


Kazakstan 


RO 


Romania 






CL 


Czech Republic 


LC 


Saint Lucia 


RU 


Russian Federation 






DE 


Germany 


LI 


Liechtenstein 


SD 


Sudan 






DK 


Denmark 


LK 


Sri Lanka 


SE 


Sweden 






EE 


Estonia 


LR 


Liberia 


SG 


Singapore 







WO 00/21119 



PCT/US99/21554 



AN APPARATUS FOR HOLDING A SEMICONDUCTOR WAFER 

BACKGROUND OF INVENTION 

This invention relates generally to vertical carriers 
5 or boats for holding semiconductor wafers during heat 

processing and is particularly concerned with a vertical 
carrier designed to effectively support large semiconductor 
wafers having nominal diameters equal to 

or greater than about 200 millimeters, preferably wafers having 

10 nominal diameters of about 300 millimeters or greater. 

Semiconductor wafers, especially those made 
of silicon, may be conventionally processed by placing them 
horizontally into a holding device or carrier at intervals in 
the vertical direction and exposing the wafer's surfaces to 

15 high temperature gases in a furnace, usually to form an oxide 

film on these surfaces or to deposit certain atoms therein. To 
maximize the amount of surface area exposed to the heat 
treatment, the wafers are usually held in "boats" or carriers 
typically comprised of parallel vertical supports or rails 

20 having relatively short slots evenly spaced along their length. 
The slots in one support are normally aligned with slots in 
the other support so a wafer can be jointly received by a 
corresponding slot in each support. By placing wafers in 
appropriate slots on the supports, the boat can carry a stack 

25 of wafers separated from each other so that both sides of the 
wafer are exposed to the heat treatment. 

In the past, conventional vertical boats and carriers 
have been designed to support wafers having nominal diameters 
of 200 millimeters or less. These size wafers are typically 

30 supported by slots on the vertical rails that extend inward 
around the edge of the wafer only a very short distance, 
usually less than about 20 millimeters. Unfortunately, when 
such a design is utilized to support larger wafers, i.e., 
wafers having a 
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nominal diameter greater than about 200 millimeters, the 
wafers are deflected by their own weight and tend to sag. 

As the temperature in the furnace risp<= t-h^c „ 

deformation results in crystal dislocation or "slip" and 
5 other stresses on the wafer. Although "slip" typically 

begins to occur at about 1200° c. for wafers having nom- 
inal diameters of 200 millimeters, it probably occurs 
at a temperature of 1000° C. or less for wafers having 
diameters of 3 00 millimeters or larger. Crystal dis- 
locations caused by stresses on the wafers result in a 
decrease in the number of chips that can be made on a 
wafer. This reduction in product yield increases with 
wafer size, and therefore the processing of larger wa- 
fers in conventional vertical boats has been generally 
15 avoided. 

Various techniques have been suggested in an 
attempt to decrease the bending stress on wafers. One 
method suggested is to locate the rails or vertical sup- 
ports of the boat or carrier more toward the front of the 

20 carrier where the wafers are loaded. This, however, is 

difficult because of the need for an unobstructed wafer 
loading path. Another technique for decreasing bending 
stress on large wafers is taught in U.S. Patent No. 
5,492,229, the disclosure of which patent is incorpo- 

25 rated herein by reference in its entirety. This patent 

teaches the use of relatively long support teeth, i.e., 
the support arms formed by long slits or slots on the 
support rail, with small contact pads located at or near 
the end of the teeth for supporting the wafers toward 

30 their center and not at their edges. According to 

this patent, the contact pads or support projections 
are located such that the inner portion of each wafer is 
supported by the pad while the peripheral portion, i.e., 
the portion of the wafer which extends from the edge of 

35 the wafer inward a distance of up to 10% of the wafer's 

radius, does not contact the pads or arms. By supporting 
the wafers at their inner portion, this design not only 
reduces the stress on the ,wafer caused by its own weight 
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but also decreases heat stress caused by direct heat transfer 
to the wafer from the slits in the vertical supports. 

Although the above-discussed patent proposes the use 
of long support arms or teeth in order to decrease stress on 
5 the wafer, the wafer support is far from uniform as it relies 

on small contact pads located at or near the end of the support 
arms, which pads occupy only a small portion of the length of 
the support arm and contact only a small area of each wafer. 
Moreover, the design shown in the patent results in reduced 
10 tooth strength caused by the removal of material from the top 
of the tooth to form the small support pads or projections. 

SUMMARY OF THE INVENTION 

In accordance with the invention, it has now been 

15 found that more uniform support for large semiconductor wafers 
can be achieved in vertical wafer carriers by using long teeth 
or support arms containing a raised support structure that 
typically extends along each tooth a distance greater than 
about 50%, preferably greater than about 70%, of the tooth's 

20 length in such a manner as to provide support for each wafer 
from a. point located inward from the edge of the wafer a 
distance equal to less than about 9% of the wafer's radius to a 
point located from the center of the wafer a distance equal to 
between about 25% and about 80% of the wafer's radius. Such 

25 teeth and their associated support structures can provide 

essentially continuous support from the wafer periphery inward 
and effectively reduce stress induced by the wafer's own 
weight. Moreover, by utilizing a support structure integral 
with each tooth that extends from the front tip of a tooth to 

30 near its back end, the strength of each individual tooth is 
increased. 

Typically, the wafer carriers of the invention 
effectively support semiconductor wafers having diameters 
between about 195 and about 410 millimeters utilizing three -or 
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10 



more support rails which extend vertically between a top 
portion and a bottom portion of the carrier. The raised 
structure which supports the wafers generally runs from the tip 
of a tooth continuously toward the back and has a surface area 
between about 20 and about 200 square millimeters when 
supporting wafers having nominal diameters between about 200 
and about 400 millimeters. Typically, the support structure is 
a ledge which runs along one side of each tooth and 
continuously supports the wafer from the edge of the wafer to a 
point located from the center of the wafer between about 40% 
and about 65% of the wafer's radius. 

The use of a structure that extends over about 50% of 
the length of a tooth to support a wafer, as opposed to a 
support projection or pad as disclosed in U.S. Patent No. 
15 5,492,229, results in more effective and uniform support for 

the wafer and thereby more effectively decreases the stress on 
the wafer caused by its own weight. In addition, such a 
support structure, when integral with each tooth, provides 
increased strength to the teeth of the carrier. 

20 

BRIEF DESCRIPTION OF THE DRAWINGS 

Figure 1 in the drawings is a partial perspective 
view of a preferred embodiment of a semiconductor wafer carrier 
of the invention with the top portion cut away so that it can 
25 be seen how a hypothetical wafer would be held in the carrier; 

Figure 2 is a perspective view of each side 
of one of the vertical support members or rails shown in Figure 
1; 

Figure 3 is a top view of the portion of the wafer 
30 carrier shown in Figure 1; 

Figure 4 is a perspective view of each side 
of a vertical support member or rail just prior to the support 
ledges being formed at the side of each tooth; 

Figure 5 is a perspective view of each side of a 
35 vertical support member or rail just prior to a series 
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of interrupted or spaced pads being formed at the side of 
each tooth; and 

Figure 6 is a perspective view of each side of 
a silicon carbide vertical support member or rail after a 
5 series of interrupted or spaced pads have been formed at 

the side of each tooth. 

All identical reference numerals in the figures 
of the drawings refer to the same or similar elements or 
features. 

10 

DETAILED DESCRIPTION OF THE INVENTION 

Figures l and 3 in the drawings show a pre- 
ferred embodiment of a semiconductor wafer carrier 11 of 
the invention. The carrier comprises a bottom portion or 

15 plate 10 on which are mounted four vertical supports or 

rails 12 and 14 which extend upward between the bottom 
plate and a top portion or plate not shown in the fig- 
ures. The two rails 12 located on the left side of the 
carrier, i.e., to the left of the centerline 20 of plate 

20 10, are identical and are mirror images of the two rails 

14 located on the right side of the carrier, i.e., to the 
right of centerline 20. The two rails 14 are identical 
with each other and are mirror images of rails 12. Per- 
spective views illustrating the details of each side of a 

25 rail 14 is shown in Figure 2. Generally, the design of 

the bottom plate 10 and top plate is dependent on the 
type of apparatus used to move the carrier in and out of 
the furnace where the wafers are to be heat treated and 
the design of the furnace itself. 

30 For purposes of illustrating and explaining 

the invention, a wafer 16 is shown in Figure 1 as a 
dotted line in its appropriate position after being 
inserted into the wafer carrier 11. Generally, the 
design of the wafer carrier depends upon the size of the 

3 5 wafers to be held and supported. Typically, the nominal 

diameter of the wafers held in the carrier ranges from 
about 200 to about 400 millimeters, although other 
diameter wafers can be accommodated if desired. Such 
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wafers usually have a thickness which ranges from about 0.5 to 
about 1.5 millimeters. 

Each support rail 12 and 14 contains a plurality of 
support arms or teeth 24 and 26, respectively, which in turn 
5 define slots 28 into which the semiconductor wafers are 

inserted. The slots are aligned so that a single wafer can be 
jointly received by a corresponding slot in each rail, thereby 
allowing the carrier to hold wafers in a stack. Each tooth 24 
and 26 contains a ledge 30 which runs along a side of the tooth 
10 from its front tip 32 toward its back edge 34. The ledge 

serves to support a wafer, normally from the edge of the wafer 
inward toward a centerline 18 or 20 of the wafer as illustrated 
in Figure 3. 

The long support teeth 24 and 26 are created in rails 

15 12 and 14, respectively, by machining slots 28 into the rails. 

Although the rails shown in Figures 1-3 are plate-like members 
in an L-shape, the rails can have other shapes. For example, 
they may have U-shaped or Oshaped cross sections. The actual 
length of the rails is dependent upon the height of the furnace 

20 in which the semiconductor wafers are to be treated. 

Typically, the rails will vary in length between about 0.5 and 
about 1.5 meters, but are usually somewhere between about 0.6 
and about 1.0 meter in length. 

Although Figures 1 and 3 show that there are four 

25 support rails in the wafer carrier of the invention, it will be 
understood that carriers containing two or three rails are 
within the scope of the invention. Although three or four 
support rails are normally optimum from a point of view of 
support and cost of fabrication of the wafer carrier, more 

30 rails may be used if desired. 

As can be seen from Figures 1 and 3, rails 12 are 
attached to and located on the left side (to the left of 
centerline 20) of bottom plate 10, whereas rails 14 are located 
on the right side (to the right of centerline 20) . Ideally, 

35 for the most uniform support of wafers, the four rails should 
be equally spaced, i.e., about 90°, from 
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each other in a circle on the bottom plate. Unfortunately, 
such an arrangement does not permit placement of the wafers 
into the carrier Tn or-Hor- ■p^>- +-un*-~ *~ ~ u~ ~± 

clearance to load the wafers into the front of the wafer 
5 carrier, each rail 12 and 14 located in front of centerline 18 

of plate 10 normally must be spaced between about 150° and about 
175° from each other when measured the short way around bottom 
plate 10. When it is desired to utilize only three rails for 
support, two of the rails are located toward the front of the 
10 wafer carrier as shown in Figures 1 and 3 while one rail is 

located at the back of the carrier, normally on the centerline 
20 of the bottom plate. Typically, the front rails support 
between about 55 percent and about 90 percent of the weight of 
each wafer. 

15 The number of slots 28 in each rail 12 and 14 depends 

upon the number of semiconductor wafers to be held by the wafer 
carrier. This, in turn, depends upon the size of the furnace 
to be used for heat treatment and the separation desired 
between wafers to adequately expose both the top and bottom 

20 surfaces of the wafers to the heat treatment. Normally, each 
rail contains between about 50 and about 240 slots. For a 
typical larger size furnace, the number of slots normally 
ranges between about 80 and about 150. 

The teeth 24 and 26 of rails 12 and 14, respectively, 

25 are formed when the slots are cut into the rails. The shape of 
the teeth typically depends upon the shape of the plate-like 
member from which the rails are fabricated. Although the teeth 
24 and 26 as shown in Figures 1 through 3 are wedge-shaped, 
i.e., they taper outwardly from their front tip 32 toward their 

30 back end 34, the teeth can also be in the shape of a long 

rectangle or curved as is an arc of a circle. Generally, when 
the teeth are straight, they range in length between about 20% 
to about 80% of the semiconductor wafer's radius, preferably 
between about 40% and about 60%. Normally, the 
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teeth are between about 20 and about 150 millimeters long, 
preferably about 50 to about 100 millimeters. 

Each tooth on a rail contains a support structure or 
ledge 30 which runs usually continuously along one side of the 
5 tooth from the front tip of the tooth 32 toward the back end of 
the tooth 34 a distance equal to at least about 70%, usually at 
least about 80%, of the length of the tooth. The ledge 
provides support for the semiconductor wafer which is received 
in the slot between two teeth. The support structure or ledge 

10 is designed to provide support for the wafer usually from the 
edge of the wafer inward to a point located from the center of 
the wafer a distance equal to between about 25% and about 80%, 
preferably between about 45% and about 60%, of the wafer's 
radius. Although it is preferred that the ledge support the 

15 wafer beginning at its edge inward, the actual support may 

begin as far as about 9% of the wafer's radius from the edge of 
the wafer, more preferably less than about 5% of the wafer's 
radius from the edge of the wafer. 

Although support structure or ledge 30 is normally 

20 designed to provide continuous support to a wafer from its edge 
inward, it is preferable that the contact area with the 
underside of the wafer be as small as possible in order to 
expose the maximum amount of wafer surface area to the heat 
treating process and to reduce heat transfer by thermal 

25 conductivity to the bottom of the wafer, which heat transfer 
will cause nonuniform expansion and stress on the wafer. Of 
course, the actual surface area of the top of the support 
structure 30 will depend upon the size of the tooth, which in 
turn depends upon the size of the wafer to be supported. 

30 Typically, for a wafer having a nominal diameter between about 
200 and about 400 millimeters, the surface area of the top of 
the support structure will range between about 20 and about 200 
square millimeters, preferably between about 30 and about 120 
square millimeters. 

35 The height of the support structure 30 is normally 

sufficient to allow gases in the furnace to 
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access the area between the top surface of teeth 24 and 26, 
represented respectively by reference numerals 36 and 38 in 
Figure 3, and the underside of each wafer. Typically, the 
5 height ranges between about 0.25 and about 2.5 millimeters, 

preferably between about 0.5 and about 1.25 millimeters. The 
distance between the top of the support structure or ledge and 
the bottom surface of the next higher adjacent tooth usually 
ranges between about 0.75 and about 4.0 millimeters, preferably 

10 between about 1.5 and about 3.0 millimeters. 

Although the support structure 30 shown in Figures 1 
through 3 is in the shape of a ledge running along a side of 
each tooth from its tip 32 substantially continuously toward 
Its back edge 34, it will be understood that the wafer carrier 

15 of the invention is not limited to having support structures in 
this shape or location. For example, the support structure may 
be a ledge that runs down the center of the tooth, a narrow lip 
along the edges of the tooth, a line-like contact along the 
center of the tooth, a series of short, interrupted pads 

20 running along the edges of the tooth or down the middle of the 
tooth, or some other means for support. Regardless of the 
shape the support structure takes or its location, it is 
important that it provide support for the underside of a 
semiconductor wafer from a point located within a distance 

25 equal to about 9% of the wafer's radius from the edge of the 

wafer inward to a point located from the center of the wafer a 
distance between about 25% and about 80% of the wafer's radius. 

Although it is preferred that the support be structurally 
continuous as is the support ledge shown in the figures, a 

30 discontinuous support structure, such as series of pads, will 
suffice if it provides support over the specified distance and 
occupies more than about 50% of the length of a tooth. 

It has been found that, when the support structure 
supplies support to each wafer beginning at a point near the 

35 edge of the wafer and continuing inward, 
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stress caused by the wafer's weight is substantially reduced as 
compared to when support is supplied only at the inner portion 
of the wafer. Moreover, utilizing a support structure which is 
integral with and occupies at least about 50% of the length of 
5 each tooth increases the strength of each individual tooth. 

As illustrated in Figure 1, wafer carrier 11 
of the invention is comprised of bottom plate 10, rails 12 and 
14, and a top plate not shown. Usually, the top and bottom 
plates and the rails are all made of the same high strength and 

10 high purity ceramic material, which is normally substantially 

resistant to chemical corrosion and has a high heat resistance. 

Examples of such ceramic materials include quartz, carbon, 
graphite, monocrystal silicon, polycrystal silicon, silicon 
carbide, and silicon carbide impregnated with silicon. 

15 As mentioned previously, the teeth of the rails are 

usually formed by machining slots 28 into the rails. Thus, the 
teeth and the rails form a monolithic or unibody structure in 
which the teeth and rails are integral with each other. 
Although it is possible that the raised support structures 

20 could be added to the teeth after they are cut from the rails, 
it is preferred that the support structures also be cut from 
the rails with the teeth so that they form a monolithic 
structure with the rails and teeth. Thus, in fabricating the 
wafer carrier of the invention, slots are machined into the 

25 rails to form the teeth with the appropriate support structures 
integral therewith, and the rails are then attached to the 
bottom and top plates. 

When a relatively soft ceramic material, such as 
graphite, is used to fabricate the wafer carrier of the 

30 invention, conventional precision cutting machines may be used 
to cut the slots in the rails. It is preferred, however, that 
the wafer carrier be made of silicon carbide, which is a very 
strong and hard ceramic material that more easily withstands 
the harsh environment of the heat treatment furnaces in which 

35 the 
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semiconductor wafers are processed. Unfortunately, it is very 
difficult to machine teeth and their associated support 
structures of desired dimensions into rails made of silicon 
carbide with the accuracy required by the semiconductor 
5 manufacturers that use wafer carriers. It has now been found 
that, in fabricating wafer carriers of the invention made of 
silicon carbide, it is much easier to first machine the teeth 
into rails made of the softer graphite, convert the graphite to 
silicon carbide, and then carry out any final cutting or 

10 grinding needed to produce teeth and support structures to 
exact specifications. 

The first step in fabricating a silicon carbide wafer 
carrier of the invention is to cut a plate of graphite, 
preferably one having a cross-section in a L-shaped wedge as 

15 shown in Figure 3, from a block of graphite. Graphite is then 
removed from the plate, normally using an endmill, to form a 
first series of parallel grooves or slots 28 but leaving a 
"back" wall 40 intact as shown in Figure 4 for a rail 14 to be 
used on the right side of the carrier. Normally, the slots are 

20 cut into the plate to a depth such that back wall 40 is not 
penetrated and is between about 1/4 and about 6 millimeters, 
preferably between about 1/2 and about 3 millimeters, thick. 
Rails 12 to be used on the left side of the wafer carrier are 
then fabricated out of graphite in the same manner. These 

25 partially fabricated graphite rails and the graphite bottom and 
top plates, which are also cut from graphite blocks in the 
desired design, are then converted into silicon carbide by 
heating them to high temperatures in a furnace in the presence 
of silica and carbon. At the elevated temperatures in the 

30 furnace, the silica reacts with carbon to form silicon monoxide 
which then reacts with the carbon in the graphite to form 
silicon carbide. This method of converting graphite into 
silicon carbide is described in more detail in U.S. Patent 
Nos. 1,013,700 and 3,634,116, the disclosures 



-11- 



WO 00/21119 



PCT/US99/21554 



of which are incorporated herein by reference in their 
entireties. 

Once the rails and top and bottom plates 
have been converted to silicon carbide, slots of a width 
5 smaller than those cut in the graphite are ground into 

the "back" wall 40 remaining on rails 14 and 12. Ty- 
pically, these slots are ground into the wall with con- 
ventional silicon carbide grinding equipment, such as 
computer numeric controlled grinders equipped with 

10 diamond wheels, between the bottom surface of one tooth 

26 and the top surface of the next adjacent tooth, 
thereby forming support ledges 30 as shown in Figure 2. 
Although Figure 2 does not show ledges similar to ledge 
30 on the bottom of each tooth, such ledges will very 

15 often be present due to the manufacturing technique used 

to make the silicon carbide rails. Once the slots are 
cut to form the ledges, the wafer carrier is assembled 
by connecting the rails to the bottom and top plates 
normally using graphite cement. The assembled wafer 

20 carrier is then subjected to the silicon carbide con- 

version process described above in order to convert the 
graphite cement into silicon carbide, thus forming the 
silicon carbide wafer carrier. 

In the above-described embodiment of the 

25 invention, the fabricated silicon carbide rails comprise 

teeth that have a support structure in the form of a 
continuous ledge running along one side of each tooth. 
In an alternative embodiment of the invention, the sup- 
port structure is a series of short interrupted pads 

30 that run along one side of each tooth. Such rails are 
fabricated in a somewhat similar manner as described 
above for making rails having continuous ledges but 
differ in that the back wall 40 of the graphite plate 
is penetrated in such a manner as to form a series of 

35 parallel interrupted slots 42 as shown in Figure 5. 

These slots connect with the slots 28 cut into the 
plate from its front side. The interrupted slots, which 
normally have a width equal to that of the parallel slots 
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28, can be cut into the back wall of the graphite plate 
either before, after or at the same time that the 
parallel slots 28 are cut into the front side of the 

5 Once the interrupted slots 42 have been cut 

into the back side wall 40 of the graphite plate, the 
plate is converted to silicon carbide as described above. 
The interrupted pads 44 shown in Figure 6, which figure 
depicts a finished silicon carbide rail 14 of the in- 

10 vention, are then formed by using conventional silicon 

carbide grinding equipment to connect horizontally ad- 
jacent slots 42 shown in Figure 5 with each other on the 
back side wall 40. This is accomplished by grinding a 
series of grooves or slots of a width smaller than that 

15 of slots 28 into the back side wall 40 of the silicon 

carbide plate between the bottom surface of one tooth 26 
and the top surface .of the next, adjacent tooth, thereby 
forming the series of interrupted pads 44 on each tooth. 
Although Figure 6 does not show interrupted pads similar 

20 to the pads 44 on the bottom of each tooth, such pads 

will very often be present due to the manufacturing 
technique used to make the silicon carbide rails. Once 
these silicon carbide rails are fabricated, they are 
assembled to form a wafer carrier of the invention as 

25 described previously. 

The length of the support pads 4 4 shown in 
Figure 6 is determined by the distance between horizon- 
tally adjacent slots 42. Usually, this distance is set 
so the pads have a length between about 2 and about 30 

30 millimeters, preferably between about 3 and about 12 

millimeters. 

The method of the invention as described above 
has several advantages when used to manufacture silicon 
carbide rails or supports for use in vertical carriers 

35 designed to hold large wafers. First, by machining the 

major portion of the slots which form the rail teeth in 
softer graphite, the amount of silicon carbide that has 
to be machined is greatly reduced. This results in less 
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incidences of tooth and rail breakage and a lower man- 
ufacturing scrap rate. Second, since smaller amounts, 
of silicon carbide need to be machined, the support 
structures can be more precisely ground to meet required 
5 final tolerances ♦ 

Although this invention has been described by 
reference to several embodiments of the invention, it is 
evident that many alterations, modifications and varia- 
tions will be apparent to those skilled in the art in 
10 light of the foregoing description. Accordingly, it 
is intended to embrace within the invention all such 
alternatives, modifications and variations that fall 
within the spirit and scope of the appended claims. 
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I CLAIM 

1. An apparatus for holding a plurality of 
semiconductor wafers, said apparatus comprising: 

(a) a top portion and a bottom portion; 
'(b) a plurality of rails extending between said top 
and bottom portions; 

(c) a. plurality of teeth on said rails, wherein the 
space between the top surface of one tooth and the bottom 
surface of the next higher adjacent tooth forms a slot for 
receiving a portion of a single semiconductor wafer; and 

(d) a raised support structure for contacting and 
supporting said single semiconductor wafer located on the top 
surface of substantially all teeth that form the bottom of a 
slot, said raised support structure providing support for said 
wafer from the edge of said wafer, or from a point located 
inward from the edge of said wafer a distance equal to less 
than 9.0% of the radius of said wafer, to a point located from 
the center of said wafer a distance equal to between about 25% 
and about 80% of the radius of said wafer. 

2. The apparatus as defined by claim 1 wherein the 
length of said teeth is between about 20% and about 80% of the 
radius of said wafers. 

3. The apparatus as defined by claim 1 wherein said 
raised support structure provides support for said single 
semiconductor wafer from the edge of said wafer or from a point 
located inward from the edge of said wafer a distance equal to 
less than about 5.0% of the radius of said wafer. 

4 . The apparatus as defined by claim 1 wherein each 
rail contains between about 50 and about 240 slots. 
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5. The apparatus as defined by claim 1 wherein 
said raised support structure provides support for said 
single semiconductor wafer from the edge of said wafer. 

6. The apparatus as defined by claim 1 wherein 
said rails are between about 0,5 and about 1.5 meters in 
length. 

7. The apparatus as defined by claim 1 wherein 
said teeth taper outwardly from their front tip to their 
back edge. 

8. The apparatus as defined by claim 1 wherein 
the distance between the top of said raised support 
structure and the bottom surface of the next higher adjacent 
tooth is between about 0.75 and about 4.0 millimeters. 

9. The apparatus as defined by claim 1 made of 
silicon carbide. 



10. The apparatus as defined by claim 1 wherein 
each rail, its teeth and their raised support structures 
form a monolithic structure. 

11. The apparatus as defined by claim 1 wherein 
the surface area of the top of said raised support struc- 
ture is between about 20 and about 200 square millimeters. 

12. The apparatus as defined by claim 11 where- 
in said raised support structure is a ledge running along 
one side of a tooth. 



13. The apparatus as defined by claim 12 where- 
in said ledge continuously contacts and supports said 
single semiconductor wafer from the edge of said wafer to 
a point located from the center of said wafer a distance 
equal to between about 40% and about 60% of said wafer's 
radius. 
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14. The apparatus as defined by claim 3 wherein 
said raised support structure occupies greater than about 
70% of the length of each tooth. 

15. The apparatus as defined by claim 13 
wherein said ledge is between about 0.25 and about 2.5 
millimeters in height. 

16. The apparatus as defined by claim 1 
containing three rails, two of which are located on 

the front side of said apparatus where said plurality of 
semiconductor wafers are inserted into said slots and one 
which is located on the back side of said apparatus. 

17. The apparatus as defined by claim 1 
containing four rails, two of which are located on the 
front side of said apparatus where said plurality of 
semiconductor wafers are inserted into said slots and two 
of which are located on the back side of said apparatus. 

18. The apparatus as defined by claim 1 wherein 
the surface area of the top of said raised support struc- 
ture is between about 30 and about 120 square millimeters. 

19. An apparatus for holding a plurality of 
semiconductor wafers having nominal diameters of 200 
millimeters or greater, said apparatus comprising: 

(a) a top plate and bottom plate; 

(b) at least three rails extending essentially 
vertically between said top and bottom plates; 

(c) a plurality of substantially horizontal 
teeth formed on said rails, wherein the space between the 
top surface of one tooth and the bottom surface of the 
next higher adjacent tooth forms a slot for receiving a 
portion of a single semiconductor wafer; and 

(d) a raised support structure for contacting 
and supporting said single semiconductor wafer located on 
the top surface of substantially all teeth that form the 
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10 bottom of a slot, said raised support structure providing 

support for said wafer from the edge of said wafer to a point 
located from the center of said wafer a distance equal to 
between about 40% and about 65% of the radius of said wafer, 
wherein each rail, its teeth and their raised support 

15 structures form a monolithic structure. 

20. The apparatus as defined by claim 19 wherein said 
apparatus is made of silicon carbide. 

21. The apparatus as defined by claim 19 wherein said 
raised support structure is a ledge .running along one side of a 
tooth. 

22. The apparatus as defined by claim 21 wherein said 
raised support structure occupies greater than about 70% of the 
length of each tooth. 

23. The apparatus as defined by claim 22 containing 
four rails. 

24. The apparatus as defined by claim 22 wherein said 
plurality of semiconductor wafers have a nominal diameter of 
about 300 millimeters. 

25. A rail for use as a support in an apparatus for 
holding a plurality of semiconductor wafers, which rail 
comprises: 

(a) a plurality of teeth arranged such that the space 
5 between the top surface of one tooth and the bottom surface of 

the next higher adjacent tooth forms a slot for receiving a 
portion of a semiconductor wafer, wherein the length of each 
tooth is greater than about 20 millimeters; and 

(b) a raised support structure for contacting and 
supporting said wafer located on the top surface of 
substantially all teeth that form the bottom of a slot, 
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said raised support structure occupying greater than about 50% 
of the length of each tooth. 

26. The rail as defined by claim 25 wherein 
the length of each tooth is greater than about 25 milli- 
meters . 

27. The rail as defined by claim 25 wherein the 
length of each tooth is between about 30 and about 100 
millimeters. 

28. The rail as defined by claim 27 wherein said 
raised support structure occupies greater than about 70% of the 
length of each tooth. 

29. The rail as defined by claim 28 wherein said 
raised support structure is a ledge running along one side of a 
tooth. 

30. The rail as defined by claim 29 wherein said 
ledge runs continuously from the front tip of said tooth to a 
point located on said tooth at least about 80% of the length of 
the tooth from said tip of said tooth. 

31. The rail as defined by claim 30 wherein the 
surface area of the top of said ledge is between about 30 and 
about 120 square millimeters. 

32. The rail as defined by claim 31 composed of 
silicon carbide. 

33. The rail as defined by claim 32 in the form of a 
monolithic structure . 

34. A method for making a silicon carbide rail for 
use as a support in an apparatus for holding a plurality of 
semiconductor wafers, which method comprises: 
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(a) forming a series of first parallel slots into a 
solid plate of graphite having a front side and a back side, 
wherein each of said slots extends from said front side toward 
said back side, thereby forming a back side wall; 

(b) converting said graphite plate into silicon 
carbide to form a slotted silicon carbide plate; and 

(c) forming a series of second parallel slots having 
a width less than the width of slots in said first series in 
said back side wall of said slotted silicon carbide plate such 
that each of said slots in said second series connects with 
each of said slots in said first series to form teeth having a 
ledge running along their top surfaces. 

35. The method as defined by claim 34 wherein said 
second series of slots are ground into the back side wall of 
said silicon carbide plate. 

36. The method as defined by claim 34 wherein said 
slots extend from said front side toward said back side a 
distance such that said back side wall is between about 1/4 and 
about 6 millimeters thick. 

37. The method as defined by claim 34 wherein said 
first series of parallel slots do not penetrate said back side 
wall . 

38. A method for making a silicon carbide rail for 
use as a support in an apparatus for holding a plurality of 
semiconductor wafers, which method comprises: 

(a) forming a series of first parallel slots into a 
solid plate of graphite having a front side and a back side, 
wherein each of said slots extends from said front side toward 
said back side, thereby forming a back side wall; 
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(b) forming a series of parallel interrupted slots 
in said back side wall such that each series of interrupted 
slots connects with a slot in said first series of parallel 
slots; 

(c) converting said graphite plate into silicon 
carbide to form a slotted silicon carbide plate; and 

(d) forming a series of parallel grooves having a 
width smaller than that of said first series of parallel slots 
in said back side wall to connect horizontally adjacent 
interrupted slot with each other and thereby form teeth having 
a series of pads running along their top surfaces. 

39 m An apparatus for holding a semiconductor wafer, said 

apparatus comprising : 

(a) a top portion and a bottom portion; 

(b) a rail extending between said top and bottom 

portions; 

(c) a plurality of teeth on the rail; and 

(d) a raised support structure for contacting or 
supporting the semiconductor wafer. 

40. An apparatus for holding a semiconductor wafer, said 
apparatus comprising: 

(a) a top plate and bottom plate; 

(b) a rail extending between said top and bottom 

plates; 

(c) a plurality of teeth formed on the rail; and 

(d) a raised support structure for contacting or 
supporting the semiconductor wafer. 

41. A rail for use as a support in an apparatus for holding a 
semiconductor wafer, which rail comprises: 

(a) a plurality of teeth; and 

(b) a raised support structure for contacting or 
supporting the wafer. 
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42. A method for making a rail for use as a support in an 
apparatus for holding a semiconductor wafer, which method 
comprises : 

(a) forming a series of first slots into a plate; 

(b) converting the plate into silicon carbide to 
form a slotted silicon carbide plate; and 

(c) forming a series of second slots in the slotted 
silicon carbide plate. 

43. A method for making a rail for use as a support in an 
apparatus for holding a semiconductor wafer, which method 
comprises: 

(a) forming a series of first slots into a plate; 

(b) forming a second series of slots in the plate; 

(c) converting the plate into silicon carbide to 
form a slotted silicon carbide plate; and 

(d) forming a series of grooves in the plate. 
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